Background: 'Frailty' is being increasing recognised as a geriatric syndrome of growing importance in the medical field. Acupressure is a non-pharmacological, non-invasive Traditional Chinese Medicine (TCM) treatment, which may serve to improve the quality of life (QOL) or prevent the progressive advancement of frailty in the aged population. Objective: to investigate the effects of a 12-week, TCM-principle guided acupressure intervention on the QOL of the frail older people living in the community. Methods: this is a randomised controlled trial with waitlist control design. Treatment group received 15 min of acupressure treatment, four times a week from both TCM practitioners and trained caregivers for 12 consecutive weeks. The waitlist control group served as a care-as-usual comparison to the treatment group for the 1st 12 weeks and then received the same treatment. Intention-to-treat principle was followed and mixed-effects models were used for data analysis.
Background
'Frailty' is a geriatric syndrome of growing importance in the medical field. Large cohort studies suggest that frailty is associated with adverse outcomes like falls, disability, hospitalisation, long-term care admission and mortality [1] . Its increased prevalence in the ageing society poses a great challenge to the public health system.
Owing to the progressive nature of frailty, researchers suggest that proper screening should be offered in the community such that the older person at the early stages of frailty can be identified and treated [2] . From the view of Traditional Chinese Medicine (TCM), symptoms suffered by frail older people could be understood as a deficiency syndrome. Acupressure is a non-pharmacological, non-invasive TCM treatment which may improve the physical function and quality of life (QOL) among frail older people. Applying acupressure on the head and shoulder areas with a specific technique can improve blood circulation, brighten the senses and relieve tension. Systematic reviews also indicated that acupressure could improve insomnia and reduce pain [3] [4] [5] [6] [7] [8] .
The acupressure protocol used in this study is designed according to TCM principles with reference to the efficacy observed in actual clinical practices (see Supplementary data, available at Age and Ageing online). This 12-step protocol is designed to be operated by trained lay-people. Any techniques that demand professional training or involve potential risks are excluded from the protocol. The aim is to investigate if such protocol can improve the QOL of frail older people or has an impact on their physical pain, sleep quality or psychological well-being.
Methods and implementation
This multicenter, randomised controlled trial with waiting list control group design was conducted at four Neighbourhood Elderly Centers (NECs) in Hong Kong from December 2014 to October 2015.
Protocol approval, registration and patient consent
The study was conducted according to the principles expressed in the Declaration of Helsinki, approved by the Institutional Review Board of the University of Hong Kong/ Hospital Authority Hong Kong West Cluster, and registered at the ClinicalTrials.gov Clinical Trial Registry with the identifier NCT02369094. Written informed consent was obtained from all eligible participants.
Subjects
All participants of this study were openly recruited from four participating NECs in Hong Kong. The participants were required to enroled in participant-caregiver dyad, with a designated caregiver committed to attend acupressure training and perform acupressure treatment on the participants according to the protocol. The included participants were of age 65 or above and scored 5 or above in the Tilburg Frailty Index [9] (TFI is a validated multiple-domain screening tool to assess frailty in older people, score ranges 0-15, score ≥5 is frail). They were also physically fit to sit on a chair and cognitively competent to understand instructions from the practitioner and to sign the consent form (scored 6 or above in Abbreviated Mental Test Score [10] ). Older people who were currently receiving acupressure as a regular therapy, or had major operations in the head, neck or shoulder area, or had any contraindication for acupressure were excluded from the study.
Procedure and intervention
The study adopted a waiting list control design. The waiting list control group served as a care-as-usual comparison to the treatment group for the 1st 12 weeks. After completing the control group activities, participants in the waiting list control group received the same intervention as the treatment group after the pre-treatment data were gathered. Data of all participants who completed baseline assessments (N = 101) were analysed for the between-group differences. The pre-treatment, post-treatment and 3 months post-treatment data of participants who completed 80% of the treatment in both groups (N = 79) were analysed together to investigate the efficacy of the acupressure protocol.
Consented participant-caregiver dyads were randomly allocated to the treatment group and waiting list control group after all intake assessment sessions were completed. Randomisation was done by a statistician according to a computer generated random number list in blocks of 4. Four hours' training in two sessions were provided to caregivers of the treatment group immediately, but not to caregivers of the waiting list control group. The latter received their training 12 weeks later. An enroled dyad would drop out from the study if the designated caregiver could not complete the training as scheduled or was incapable of reaching the set standard of performing the acupressure protocol.
Participants allocated to the treatment group received 15 min acupressure treatment four times a week for 12 consecutive weeks, twice from a Registered Chinese Medicine Practitioner and twice from their caregivers. Participants of the waiting list control group received the same treatment after completing the control group activities and assessment (see Supplementary data, Appendix 2, available at Age and Ageing online).
Outcome measurements and analysis
Primary outcome was the QOL of the participants against the waiting list control group after receiving 12 weeks of acupressure treatment, and secondary outcomes were their psycho-social well-being; sleep quality and level of pain. The stress level of their caregivers was also observed and measured but will not be discussed in this article.
QOL of the participants was measured by WHOQOL-BREF, a cross cultural instrument developed by the World Health Organization [11] . The instrument was reported to be suitable for measuring the QOL of older Chinese people living in the community dwellings [12] . The version used in this study was the validated version for Hong Kong Chinese [13] . The psycho-social well-being of the participants was measured by the 15-item Geriatric Depression Scale (GDS) [14] . The validated version in Chinese had been used to measure psycho-social well-being of the older people in Hong Kong in prior studies [15] . A cut-off score at 8 was established to indicate depression among the older population in Hong Kong [16] . The change of sleep quality was assessed by the Pittsburg Sleep Quality Index (PSQI) [17] . The Chinese version of PSQI used in this study has been confirmed to be a sensitive, reliable and valid outcome measuring tool in prior studies [18] . Pain occurring frequency and pain intensity of the participants were also measured. Pain intensity was reported in visual analogue scale of 0-10.
SPSS version 23.0 (IBM Corp.) was used for all statistical analysis. The intention-to-treat principle was applied to the between-group comparison. Data of participants who completed the baseline assessment (N = 101) were all included in the analysis. Differences of the intervention effects were assessed using the generalised mixed models, with group (treatment and waiting list control), time (baseline and posttreatment) and their interaction as fixed effects; and age, gender, TFI score, Abbreviated Mental Test Score (AMTS) and Chronic diseases controlled as covariates. Random effects were used to account for repeated measures on the same subject. SPSS procedure GENLINMIXED was used with IDENTITY link for continuous data and with LOGIT link for binary data. Missing data were handled by the mixed effect models. Standardised effect size was reported in Cohen's d which was generated by effect size calculator [19] . For continuous data, means and standard deviations converted from standard error generated by the mixed-effects model were used. For binary data, binomial effect size display was used. The effects of the intervention based on all participants from treatment and waiting list control groups who completed 80% of the acupressure treatment over time were further investigated by generalised mixed model (as a per-protocol analysis), with time (baseline, post-treatment and 3 months post-treatment) as fixed effect. Cohen's d was employed to report the standardised effect size of the treatment protocol. A P-value of less than 0.05 (two-tailed) was considered statistically significant.
Results
One hundred and eighty-two older people showed interest in joining the research during the recruitment period. After prescreening and explaining the research duration and requirements to the participant-caregiver dyads, we received 131 applications from the four participating NECs. One hundred and eight participants-caregiver dyads met the inclusion criteria. One hundred and six dyads agreed to sign the consent form and were randomised into treatment group and waiting list control group, respectively. One hundred one participants completed the baseline assessment with 79 completed 3 months of treatments with no less than 80% attendance and posttreatment assessment (see Supplementary data, Appendix 3, available at Age and Ageing online). No adverse event was reported in the period of our study.
The mean age of the participants was 76.12 ± 7.08, with a mean Tilburg Frailty Index score of 7.13 ± 1.76. Most of them were living with spouse or family (75%), 18% lived alone and the remaining with maid or others. About 84% of the participants were reported to have chronic disease, 61% with comorbidity. Affliction by cardio-vascular disease (including high blood pressure) was the most prevailing condition (60%), followed by diabetes (24%). About 40% of the participants suffered from daily pain. About 89% of the participants reported suffering from at least one symptom which might compromise their psychological wellbeing. The most prevailing condition was amnesia (62%), followed by insomnia (54%) and hypersomnia (42%).
At baseline, the age, gender, TFI score and AMTS of the treatment and waiting list control groups were similar. The prevalence of chronic disease was higher in the treatment group. The baseline scores of various domains of QOL were similar between groups, except that the social domain score of the WHOQOL-BREF was lower in the treatment group (Table 1) .
After 12 weeks' acupressure intervention, the treatment group showed improvement in all measurements in comparing to the control group. (Table 2) WHOQOL-BREF: Mixed-effects models showed that there were significant group-by-time interactions in all four domains of WHOQOL, indicating the change of domain scores of the treatment group was statistically significantly different from that of the control group. The largest effect was detected in the physical domain. The between-group difference in change of score was 11.74 (95% CI, 5.01 to 18.47). However, there is no significant difference between groups in the change of self-reported QOL and General Health.
PAIN: The pain intensity of the treatment group was significantly reduced after treatment in comparison with the waiting list control group (P = 0.006). The between-group difference in change of VAS score was −1.79 (95% CI, −3.01 to −0.52).
PSQI: The intervention had a positive impact on the sleep quality of the participants. The reduction of PSQI score of the treatment group was significantly more than the control group (P < 0.001). The between-group difference in change of score was −2.70 (95% CI, −4.13 to −1.26).
The pre-treatment, post-treatment and 3 months posttreatment data of all 79 participants who completed 80% of treatment sessions were analysed by mixed effect models to further explore the efficacy of the acupressure protocol (Table 3) (Figs. 3-7 , see Supplementary data, Appendix 4, available at Age and Ageing online).
WHOQOL-BREF: Mixed-effects analysis showed that that there were significant improvements in physical (P < 0.001) and social (P = 0.032) domains of the participants' QOL at post-treatment time-point. The mean score of the physical domain increased by 8.39 (95% CI, 5.41 to 11.38) with a medium effect size of 0.524. There was also an increase of score in the psychological domain; however, the change was not statistically significant.
PAIN: Among all the individual items that showed improvement in WHOQOL-BREF, the most significant one was the reduction of constraints caused by physical pain (Q3 of WHOQOL-BREF, P < 0.001). This outcome was in line with the significant reduction of pain intensity (P < 0.001) at post-treatment time-point; the mean score difference between post-treatment and baseline was Table 1 a Data are presented as mean ± SD or number (%). b The socio-demographic data of the elderly participants/caregivers and clinical characteristic of the participants are based on the 106 participant-caregiver dyads recruited and randomised. Other data are based on a reduced sample size of elderly participants (N = 101, treatment group n = 50, control group n = 51) who have completed the baseline measurements. c TFI is a validated multiple-domain screening tool to assess frailty. Score ≥5 is frail. d A lower score indicates higher cognitive impairment. e P-value of between-group difference P < 0.05. The PSQI mean score also dropped significantly (P < 0.001) after treatment indicating that the sleep quality of the participants had improved. The post-treatment PSQI mean score changed by −1.81 (95% CI, −2.52 to −1.10), from 9.75 to 7.94, with an effect size of 0.415. Detailed analysis of the seven components of the PSQI scores denoted that the positive change was mainly driven by the participants' improvement in daytime dysfunction, subjective sleep quality and reduction of sleep disturbances.
Discussion
The results of our study indicated that applying a structured acupressure protocol to the face, head and shoulder area of the participants regularly for 12 weeks, 3-4 times a week, did improve their physical health. It also had a positive effect on their psychological well-being and social relationship. The estimated mean from linear mixed-effects model with age; gender; TFI score; AMTS and Chronic diseases controlled as covariates, SD converted from standard error generated from the same model. b Cohen's d of 0.2 represents a small effect size, 0.5 a medium effect size and 0.8 a large effect size. Cohen's d is generated by effect size calculator (https://www. psychometrica.de/effect_size.html). For continuous variable, means and standard deviations converted from standard error generated by the mixed model were used as input. For binary data, estimated number of success and failure generated by the mixed model were used as input. c P-value for group-by-time interaction based on generalised mixed-effects model is generated by SPSS procedure: GENLINMIXED. For continuous variables, an IDENTITY link is used; for binary variable, a LOGIT link is used. found that physical pain-induced constraints was significantly reduced by the intervention. The participants also experienced a significantly higher satisfaction in their ability to perform daily living activities (Q17). Ability to do essential tasks and to maintain their independence proved to be highly correlated to the QOL of the older people in prior researches. Reduction of pain also allowed the older people to be more active, and willing to participate in the community, which may further enhance their QOL in the social domain. Significant reduction of the GDS score indicated that the acupressure protocol had also made a positive impact on the psychological well-being of the participants. In the program evaluation, participants revealed that they felt happier and were in a better mood after the intervention. As the psychological well-being of the older people is often compromised by disability and/or weakened social support systems [20] , improvements in the physical health and social relationship domains might also have contributed to the reduction of GDS scores.
In our study cohort, a high percentage of participants (79% of the 101 participants) suffered from poor sleep quality before treatment (PSQI score ≥ 5). In a recent research conducted on 1,086 healthy community residents aged 60 and above in Shanghai China, the prevalence of poor sleep quality (PSQI score ≥ 5) was found to be 41.5% [21] . The higher prevalence of poor sleep quality in our study cohort indicated that frailty and old age could be the risk factors of poor sleep quality. Poor sleep quality had a negative impact on both the physical health and psychological well-being of the older people [22] . Despite the high prevalence of sleep problems among the older adults, it is normally undertreated, and non-pharmacologic interventions are underused [23] . Our study's findings have presented a viable non-phamacological treatment to improve the sleep quality of the frail older people and possibly other older people who suffered from the same syndomes.
Owing to the limitations of our study design, we can only report the 3 months post-treatment data for the 79 participants who completed the treatment with 80% compliance, and are unable to provide 3 months post-treatment comparison between the treatment and control groups.
In our 3 months follow-up, the post-treatment improvements in some domains subsided, but the physical domain score of WHOQOL_BREF, alleviation of pain and reduction of GDS score remained significant. We recommend the acupressure protocol to be administered on the frail older people on a regular and continual basis. To ensure its sustainability, the protocol was designed as a caregiver administered treatment, which could be carried out at home or any community settings. Another key limitation to this study is that we could not blind the participants. The treatment group knows that they are receiving treatment with attentive care. The control group activity could account for the additional social interaction time and attention but may not be able to totally account for the positive effect generated by the participant's belief in the treatment. The selfreported outcome measure could also potentially be a source of bias.
Conclusion
The study outcomes indicate that the acupressure protocol used in this study is a safe and effective non-invasive treatment that can benefit the frail older people living in community dwellings. The between-group differences in change after 12 weeks indicating that the intervention has a positive impact on the frail older people's QOL, especially in the physical domain. It also serves to reduce pain and improve sleep quality. With proper training, informal caregivers can apply this acupressure protocol regularly on the older people. We recommend this acupressure protocol to be promoted in the community as a caregiver administered treatment for the frail older people. Programs should be developed in collaboration with Chinese medicine practitioners to train, and provide support to the practicing caregivers in order to ensure the sustainability of the intervention.
Key points
• Acupressure is a non-pharmacological, non-invasive Traditional Chinese Medicine (TCM) treatment which can improve the quality of life in frail older population.
• Acupressure could improve frail older adults' physical condition and sleeping quality and reduce physical pain.
• TCM-principle guided acupressure intervention used in this study could be promoted as a caregiver administered intervention.
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